Abstract
Introduction

41
The degeneration of the intervertebral disc (IVD) is a significant contributor to low back pain (LBP) (39) .
standing on the spinal alignment and individual lumbar IVDs of young, back-healthy human participants 68 ranging from 18 to 30 years of age using pMRI, and 2) determine whether there are sex-specific differences 69 in these measurements due to the variations in spinal alignment between males and females (15, 47). We 70 hypothesized that 1) the sagittal Cobb angle would be significantly different between supine and standing,
71
2) individual IVDs across the lumbar spine would adapt differentially to standing, and 3) the change in 72 segmental Cobb angle, A/P ratio, and IVD width at each lumbar level from supine to standing would be
Participants
76
The study included forty participants (19 male/21 female) between 18-30 years of age and body-mass index table tilt where participants were then standing. The table tilt of 84 degrees helped to stabilize the 103 participant and prevent motion artifacts during the imaging in standing (Fig. 1) . The pillow was removed,
104
and a VersaRest TM device, an arm support, was placed in the scanner underneath the wrists 5 cm below the lateral epicondyle of the elbow (Fig. 1 ). Participants were told to stand normally without leaning on the sides of the magnet, back of the scanner or on the VersaRest TM during the scan in standing. A board-
107
certified MRI technician conducted all imaging. After imaging, all images were exported as DICOM files
108
to be analyzed on Miele (OsiriX)-LXIV (open source) (38).
The intra-observer (C.W./researcher) and inter-observer (researchers) reproducibility were indexed with 129 the Intraclass Correlation Coefficient (ICC) using data from participants that exhibited the greatest range
130
of values for regional and all lumbar segments (30). A written rubric based on anatomical landmarks
131
(segmental Cobb angles, IVD widths, the anterior-, and posterior-heights) was used for all segmental 132 measurements. The intra-observer analysis was performed using measured variables obtained on three 133 distinct nonconsecutive days. Additional observers performed the inter-observer analysis based on the 134 written rubric for regional and segmental measurements with three sets of measurements on non-
135
consecutive days.
136
We quantified the error associated with image resolution and its impact on the uncertainty of IVD
137
measurements. The resolution-based error of the MRI images was determined by moving the coordinates
138
of each anatomical landmark in every possible direction and calculating the effect on the subsequent IVD 139 measurements. The maximum uncertainty from resolution on the measurements using this combinatorial 140 approach were 5.2%, 5.4%, and 1.3% for segmental Cobb angle, A/P ratio, and IVD width, respectively.
142
Statistical Analyses
143
A three-way, repeated measures analysis of variance (ANOVA) was used to test for the factors of position,
144
sex, and lumbar level for each of the three segmental measurements (segmental Cobb angles, A/P ratios,
145
and IVD widths). Cobb angle was analyzed using a two-way repeated measures ANOVA to test for the 146 factors of position and sex. Interaction terms are denoted by an asterisk (*) in Table 2 and in the results.
All enrolled participants (n = 40) completed the supine and standing imaging sessions and were 
165
Regional Lumbar Spine Alignment
166
Position was a significant factor. The Cobb angle decreased in standing compared to supine for all 167 participants ( Fig. 4 ; p < 0.05).
169
Segmental IVD Measurements
170
Segmental Cobb Angle differences in IVD width due to positions at lumbar levels L1/L2 to L4/L5 for all participants (Fig. 7) .
180
Although the L5/S1 IVD width in standing was statistically greater than in supine (p < 0.05), the margin of 181 the difference (0.48%) was below the detection threshold per our error analyses (1.3%), and thus we did 182 not consider this difference to be meaningful.
Discussion
184
To our knowledge this is the first study to examine the segmental Cobb angle, A/P ratio and IVD width 
196
The reduced lordosis of our participants in standing is consistent with the observations of another
197
pMRI study (27) . Other studies using a pMRI have shown that lordosis is not different between supine and
198
standing with a cushion underneath their knees (16). These results are in contrast with studies done using 199 plain film radiography which observed more lordosis in standing (7, 23, 46). The discrepancy is likely due
200
to a pelvic tilt that has been shown to influence lumbar lordosis in standing (24), since the pelvis is strongly 201 correlated to lumbar lordosis in supine (7). In this study, we did not directly control for pelvic tilt by placing 202 a pillow underneath the legs in supine. Despite this, our measured Cobb angles in standing are consistent
203
with a prior report that also included young, asymptomatic individuals (48). Further, it has been shown 204 that externally applied loads during standing can alter the lumbar spine to be in less lordosis in pMRI (6, 205 36, 37). Our study did not find lordosis to be different between sexes as previously reported (15, 47).
206
Additionally, we observed that males and females comparably change from supine to standing. Wood et al.
between sex and position, suggesting though both sexes adapt to standing, they do not adapt differently. In
Characterizing the IVD using measurements that are based on independent landmarks is important
214
for capturing the nuanced changes in the structure of the IVD (12, 16, 42). Using the pMRI system, we individual lumbar IVDs using the segmental measurements of segmental Cobb angle, A/P ratio, and IVD
217
width. Moreover, the images obtained in standing can yield more physiologically relevant information than 218 a slightly higher resolution scan taken in supine due to the differences in loading between supine and 219 standing. Although some of the measurements made here could also be obtained from plain film 
224
There are several limitations to our study. First, although the field strength of this pMRI system 225 (0.6 T) is lower than typical clinical systems (1.5 T), the higher efficiency of the field algorithm reconstructs
226
and generates images at comparable resolutions to 1.5 T systems (13). The ICC and uncertainty analyses 227 confirm the reliability of our measurements using the pMRI system. Our inter-observer reliability ranged 228 from 0.68 to 0.99 and is consistent with a MRI study that reported an inter-observer ICC range of 0. 
